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ABSTRACT 
 
An Analytical Comparison of Isoflurane Levels in Veterinary Operating Theaters 
Jennifer Marie Elmer 
Joseph Passante (Preceptor) 
 
Waste anesthetic gases are emitted from patient breathing systems, equipment and exhalation 
during recovery and may pose serious health effects such as genotoxicity, carcinogenicity and 
reproductive effects such as spontaneous abortion and congenital malformations with chronic 
exposure. Some estimated 200,000 health care professionals are exposed to these environmental 
agents during routine occupational tasks yet currently there are no regulated permissible 
exposure limits for halogenated waste anesthetic gases even with a NIOSH ceiling exposure 
value of 2ppm not to exceed one hour.  Passive badge sampling techniques may capture the 
amount of exposure an employee receives over an 8 hour time weighted average but is not useful 
in detecting specific leak sources, peaks in exposure throughout the day and ceiling levels of 
exposure.  In order to determine the concentration of environmental waste anesthetic gases in 
veterinary operating theaters, particularly the anesthetic agent isoflurane, a real time man-
portable infrared spectrometer was used.   
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INTRODUCTION: 
     Volatile anesthetic gases can leak into the operating room environment during surgical 
procedures in which inhalation anesthesia is used to sedate the patient.  These gases can be 
leaked from the patients breathing circuit during surgery as well as exhaled during post operative 
recovery and are referred to as waste anesthetic gases.  The most commonly used forms of 
inhalation anesthesia include nitrous oxide and halogenated agents with halogenated agents 
including sevoflurane, desflurane, halothane, enflurane and isoflurane.  Although there are 
estimated to be more than 200,000 health care professionals, including 50,000 veterinary 
personnel, exposed to waste anesthetic gases, there are no established permissible exposure 
limits to these agents as set by OSHA regulations (1).  The National Institute for Occupational 
Safety and Health (NIOSH) however recommends that no worker be exposed to ceiling 
concentrations of greater than 2ppm over a sampling period not to exceed one hour to any 
halogenated anesthetic gas.  Individual recommended exposure limits for each agent have not 
been evaluated however (2).   
     Health effects of occupational waste anesthetic gas exposure have been controversial. Genetic 
mutations, cancer, hepatic and renal disease and psychomotor dysfunction have been attributed 
to trace halogenated gas exposure but clear evidence is still lacking (3-6).  Clearer evidence 
linking chronic trace anesthetic gas exposure to spontaneous abortion, preterm birth and birth 
abnormalities among female operating room staff does exist but some groups still claim evidence 
is flawed (7-10).  Less severe health effects noted by operating staff include headache, irritability, 
fatigue, nausea and drowsiness (11). 
     Leaks in the breathing circuit as well as the use of engineering controls can significantly 
affect the levels of waste anesthetic gases in the environment.  The choice of scavenging system 
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can influence the amount of anesthetic gas leaked into the environment from the equipment with 
active scavenging systems shown to be more effective (12).  Exhaled anesthetic gases by patients 
is also a threat of exposure to workers in the post surgical recovery room with exhaled waste 
gases in patient breathing zones far exceeding NIOSH recommended exposure limits (13).  Other 
sources of elevated halogenated gas levels may include poorly maintained anesthesia equipment, 
improperly inflated endotracheal tubes and other work place practices as well as poor ventilation 
(14).   
     Personal badge sampling methods using passive air monitoring badges in the breathing zone 
of maximum risk employees are useful for determining the actual exposure an employee 
encounters during a work day (15).  Passive air monitoring does not however lend itself to the 
detection of sources of exposure and potential leak sources in anesthesia equipment.  Portable 
gas analyzers are vital to monitoring trace gases in situ through optical absorption techniques and 
allow for better determination of potential sources of exposure (16).  Real time exposure 
instruments such as the Miran Sapphire portable ambient air analyzer, a man portable infrared 
(IR) spectrophotometer, are capable of such air quality measures as they can integrate 
contaminant concentrations over a short one minute time frame and are capable of displaying 
concentrations within 15 seconds of detection (17).  Real time exposure instruments are essential 
to the theoretical framework of assessing and managing occupational exposures as they can 
detect mentioned leak sources as means of controlling known unacceptable exposures and 
reevaluating engineering control measures taken.   
     Because there are potentially serious health effects associated with exposure to halogenated 
waste anesthetic gases and exposure poses an occupational hazard to more than 200,000 
professionals despite no clear OSHA regulated permissible exposure limits, it is important to 
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gain an understanding of the actual environmental waste anesthetic gas concentrations these 
workers are typically exposed to.  Accordingly, the purpose of this study is to assess 
occupational exposures to waste anesthetic gases while attempting to pin-point specific leak 
sources in the equipment. 
MATERIALS AND METHODS: 
     After obtaining approval from the IRB at Drexel University, veterinary operating facilities in 
the Northeastern United States were selected for monitoring.  Only operations using the 
halogenated anesthetic gas isoflurane were included in the study design due to very small 
numbers of facilities using other types of inhalation anesthesia.   
     A standardized sampling sheet was created in order to sample all facilities in the same 
manner.    The sampling sheet included information about the characteristics of the anesthesia 
administration such as animal having surgery and size of the animal as well as standardized 
positions for point source measurements (Supplemental Material). 
     Volatile waste isoflurane concentrations were then measured following the sampling sheet 
using the Miran Sapphire man-portable IR spectrophotometer (MIRAN 205B Series SapphIRe – 
Thermo Electron Corporation).  Before every surgery or sampling time frame the instrument was 
re-zeroed using a chemical filter to ensure validity.   Measurements were taken using the long 
pathlength at a wavelength of 8.804.  This setting gave a limit of detection of 0.04ppm and an 
accuracy of +/- 10% of the reading.    
     Samples were taken at given veterinary clinics with various animal species and animal sizes 
ranging from moderate in size to very large.  The sampling equipment was used to record both 
time and concentration of exposure over a one minute interval with the ability to report 
minimum, maximum and average concentrations over that interval.  Data was also recorded 
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about the place on the anesthesia system the measurements were taken. Recovery rooms, 
although lacking anesthetic equipment were also monitored for general isoflurane 
concentrations.  All data was placed into an SPSS database to be analyzed based on descriptive 
statistics and tests of association.    
RESULTS: 
     In total, 23 different isoflurane anesthesia machines and administration areas were able to be 
monitored for leak sources leading to 1,205 minutes or sampling data points collected.  Initial 
quality control factors for the real time equipment were examined through tests of linearity of 
average, minimum and maximum readings during each one-minute sampling frame (Fig 1).  
After adjusting for ambient levels, geometric mean isoflurane levels of all data were below the 
recommended OEL of 2ppm at 1.044 ppm but with ranges that greatly exceeded this REL.  The 
geometric means of minimum, average and maximum exposure readings during each one – 
minute sampling frame were calculated for comparison (Table I).  Geometric means of different 
influencing factors such as animal, type of work practice task and percent anesthesia 
administered were also calculated and compared via ANOVA test with all variables showing 
significant differences between groups (p<0.01) (Table II).  
    Although statistically significant, there was a weak, negative association between percent 
anesthesia administered during the procedure and environmental isoflurane concentrations(r = -
0.301, p<0.01).  There was also a statistically significant yet weak positive association between 
the size of the animal that was being operated on and the concentration of isoflurane gas 
observed in the room (r=0.153, p<0.01). A regression analysis of these variables with average 
isoflurane values observed revealed that size of animal and percent anesthesia administered 
explains less than one percent of the variation in isoflurane levels (R=0.077, F=2.301, p=0.1). 
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     Data were then analyzed for their associations with potential point sources or specific parts of 
anesthesia equipment.   There were significant differences between the different potential leak 
sources and as well as the categorized general parts of the systems based on a non-parametric 
Kruskal Wallis analysis of variance.  Tasks associated with the anesthesia equipment such as 
changing the soda lime cartridge and filling the vaporizer as well as tubing and connections from 
the exhaled, waste portions of the breathing circuit produced the largest spikes in environmental 
isoflurane concentrations (Fig. 2 & 3).   
DISCUSSION: 
     Plots of minimum, maximum and average one-minute real time isoflurane concentrations 
from the Miran SapphIRe show that all three values have a relative strong correlation and 
therefore the use of all three measurements during data analysis should prove valid.  Although 
geometric mean values of minimum, maximum and average values of all one-minute sampling 
readings were all below the NIOSH recommended OEL of 2ppm, the ranges of these values 
reached well above this limit.  In various one-minute sampling frames, isoflurane concentrations 
soared into the triple digits and although this may have been for only brief minutes in time, these 
times were exponentially higher than the REL and could contribute to health effects in a more 
severe way due to dose-response toxicity.  A recent study quantified the overall lowest observed 
adverse effect level (LOAEL) for isoflurane to be 150ppm due to repeat exposure at this level 
and above being attributed to negative effects on body weight, reproduction and development, 
and liver function and histology in both animals and human subjects (18).  In the presented study, 
average one –minute sampling data had a range that far exceeded the above mentioned value of 
150ppm at a high of 620ppm and a maximum high of 715ppm (Table I).    
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     The lack of correlation between animal size and percent anesthesia administered was likely a 
reflection of the method of anesthesia administration as nearly all surgeries utilized endotracheal 
intubation instead of mask breathing.  This process tightens the seal and decreases the 
concentration of waste anesthetic gas given from the animal breathing zone as masks are more 
likely to leak (1).  The fact that the highest concentrations of waste isoflurane were observed with 
workplace tasks is to be expected as well.  For example, filling of the vaporizer, if not done 
properly or with the use of a key-indexed filling system, can cause liquid anesthesia spillage with 
1ml of liquid anesthesia forming 200ml of anesthetic vapor (19).  Leaks in low pressure parts of 
the system such as exhaust connections from the animal to the scavenger are likely to explain the 
higher concentrations observed in these areas as well (19).   
     During most sampling time frames, simultaneous unreported passive badge sampling at 
worker breathing zones was also conducted as a means of ensuring worker exposure did not 
exceed 2ppm TWA in an 8 hour day.  Passive badge sampling frequently yielded results that 
would say the worker did not exceed the 2ppm REL as the 8 hr-TWA would not be able to detect 
the sharp peaks in exposure that the real time infrared analyzer was able to capture.  By using a 
real time data instrument, potential leak sources and brief high exposure concentrations could be 
observed and equipment changes could occur quickly if necessary to ensure employee safety.     
      Ultimately, the goal of this project was to quantify the actual amount of potential exposure 
veterinary staff might be subject to in order to demonstrate the importance of reevaluating this 
occupational hazard on a national level.  Although the mean values seen were below the NIOSH 
REL of 2ppm, these concentrations were observed in veterinary facilities where relatively 
routine monitoring takes place.  Therefore, much higher concentrations might be observed in 
private veterinary settings where waste anesthetic gas exposure monitoring might be scarce or 
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non-existent.  Ultimately, although NIOSH has set an REL of 2ppm for all halogenated agents, 
the institute recognizes that there is still no safe level of exposure to waste anesthetic gases and 
calls for occupational risk to be minimized by “reducing exposure to the greatest extent 
possible.” (2)  By making an effort to understand the extent to which employees are exposed, 
better efforts might be made to continue to reduce these exposures by promoting safer 
engineering methods and calling for better work practices such as routine equipment inspection 
as well as bring attention to the employee about potential risks.   
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FIGURES: 
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Figure 1 – Correlation between minimum, average and maximum readings over each one-minute 
sampling time frame using the Miran SapphIRe portable IR. 
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Figure 2 – Comparison of geometric mean isoflurane concentrations in ppm around parts of 
anesthesia equipment and during tasks.  Number of sampling minutes in parentheses.  Changing 
the soda lime cartridge during the procedure showed the highest peak in isoflurane 
concentrations while the canister seal on the soda lime cartridge had the lowest detectable 
isoflurane concentrations.   Data labels display the geometric mean of the maximum 
concentration over a one-minute sampling frame.   
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Figure 3 – Comparison of general parts of the anesthesia system by mean values of minimum, 
average and maximum isoflurane concentrations (ppm) observed during each one minute 
sampling frame. Number of sampling minutes in parentheses. Tasks associated with the 
anesthesia equipment contributed most to observed waste anesthetic gas concentrations while 
connections to and from the vaporizer contributed the least to observed concentrations. 
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TABLES: 
Table I -  Comparison of geometric mean, 95% confidence interval and range of three isoflurane 
concentration (ppm) values generated during one minute sampling frames (n=1,205 sampling 
minutes) and 23 different sampling time frames. 
Mean 95% CI Range 
Reading type 
over 1 minute 
sampling 
duration 
Minimum 0.7825 0.713 - 0.860 <LOD - 57.57 
Average 1.04 0.938 - 1.16 <LOD - 620.20 
Maximum 1.26 1.13 - 1.42 <LOD - 715.11 
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Table II -  Geometric means and 95% confidence intervals of the mean of average, minimum and maximum real time isoflurane 
concentrations (ppm) during one-minute sampling frames for potential contributing factors. 
Average Minimum Maximum 
(n) mean 95% CI mean 95% CI mean 95% CI 
Tasks  
 Changing Soda Lime 
Cartridge (4) 23.57 
20.87 - 
26.61 15.30 
11.07 - 
21.15 30.88 27.23 -35.01
 Inhalation tubing 
disconnection (6) 16.09 
10.96 - 
23.63 6.31 4.97 - 8.00 31.20 18.58 -52.39
 Filling of Vaporizer 
(8) 2.01 0.53 - 7.62 0.63 0.38 -1.03 2.87 0.62 - 13.23 
 Removal of 
Endotracheal tube (13) 1.01 0.30 - 3.40 0.33 0.13 - 0.86 1.45 0.36 - 5.83 
Concentration 
Anesthesia 
Administered (%) 
 
      
 1 (17) 0.79 0.36 - 1.74 0.29 0.17 - 0.51 1.29 0.54 -3.09 
 1.5 (18) 0.16 0.06 -0.43 0.06 0.03 - 0.15 0.29 0.12 -0.70 
 2 (678) 2.37 2.11 -2.66 1.62 1.47 -1.79 3.03 2.65 -3.45 
 2.5 (79) 0.74 0.51 - 1.08 0.50 0.36 - 0.70 0.97 0.65 -1.43 
 3 (281) 0.44 0.38 - 0.51 0.33 0.29 -0.37 0.55 0.47 -0.65 
 4 (12) 7.76 3.94 - 15.27 2.46 1.32 -4.58 9.54 3.13 -29.09 
Animal Species  
 Canine (286) 0.61 0.50 -0.75 0.38 0.32 -0.44 0.83 0.67 -1.04 
 Pig (192) 0.87 0.70 - 1.08 0.59 0.50 -0.70 0.98 0.76 -1.27 
 Pony (20) 1.02 0.44 - 2.38 0.79 0.43 -1.45 1.77 0.78 -4.02 
 Sheep (587) 2.24 1.99 -2.54 1.56 1.40 - 1.74 2.95 2.58 -3.36 
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Animal Size (Kg) 
 9 (92) 1.07 0.84 - 1.38 0.57 0.47 -0.69 1.63 1.23 - 2.18 
 10 (49) 0.40 0.38 -0.42 0.35 0.33 -0.38 0.44 0.42 -0.47 
 11 (65) 0.11 0.09 -0.14 0.09 0.07 - 0.11 0.14 0.11 - 0.18 
 28 (17) 0.79 0.36 -1.74 0.29 0.17 -0.51 1.29 0.54 -3.09 
 38 (18) 0.16 0.06 -0.43 0.06 0.03 - 0.15 0.29 0.12 - 0.70 
 45 (393) 3.77 3.31 -4.30 2.63 2.36 -2.93 4.97 4.32 -5.71 
 50 (314) 0.63 0.55 -0.73 0.46 0.41 -0.52 0.73 0.61 -0.86 
 54 (45) 3.99 2.27 -7.01 1.63 0.99 -2.70 7.19 3.93 - 13.14 
 60 (72) 2.62 1.89 -3.63 1.41 1.07 - 1.88 4.09 2.84 -5.89 
 225 (20) 1.02 0.44 -2.38 0.79 0.43 -1.45 1.77 0.78 - 4.02 
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 Waste anesthetic gas sampling sheet       19 
 
Location:  
Room: 
 Note if doors open, closed:  
Date: 
Visit number: 
Species:  
Procedure: 
Sampling Start time: 
Sampling End time: 
Anesthesia Machine Make and Model: 
 Serial Number: 
Total gas flow rate: 
Vaporizer Make and Model: 
Percent anesthesia administered: 
Scavenging type: 
 Vacuum flow rate: 
Charcoal:                     Weight:                                 Date: 
Anesthetic gas administered:  
Ventilation type:      Bellow Ventilator                                             Re-breathing bag 
Anesthesia administration type:                   Trach                                   Mask 
 
Ventilation Notes:  
 
Special Notes: 
 
Significant leak source: 
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Sampling Location 
Location 
Number 
Reading 
1/Time 
Reading 
2 / Time 
Reading 
3 / Time 
Reading 
4/ Time 
Reading 
5/Time 
Reading 
6/Time 
Ambient Background 
Anesthetist breathing zone: 
Pre‐procedure 
During procedure reading 1 
During procedure reading 2 
Connections to Vaporizer: 
Oxygen  1 
Nitrous Oxide  2 
Air  3 
Connections from vaporizer: 
Vaporizer outlet  4 
Ventilator inlet (fresh gas 
inlet) 
5 
           
Ventilator: 
Ventilator seal  6 
Exhalation inlet  7 
Breathing system outlet  8 
Inspiration tubing  9 
Animal breathing zone  10 
Expiration tubing  11 
CO2 Canister: 
Expiration connection  12 
Canister seal  13 
Exit connection to scavenge 
system 
14 
           
Scavenger: 
Exhaust inlet connection  15 
vacuum connection  16 
Exhaust outlet (back to 
ventilator) 
17 
           
Vacuum wall connection  18 
Tasks: 
Filling of Vaporizer 
Changing of CO2 cartridge 
Removal of mask, trach, from 
induction chamber                
Recovery 
 
***See diagram on previous page for numbered locations 
